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Abstract  
Dyes are one of the most important industrial environmental pollutants, and therefore their 
removal from industrial wastewater is very important. The malachite green is a very toxic dye 
for the environment and humans, therefore an economical and high-efficiency method to 
remove this dye from water solutions is necessary. In this study, the removal of malachite green 
was investigated using a economical and effective adsorbent, in which activated carbon from 
date kernel was used. Activated carbon from date kernel was modified by Fe3O4 magnetic 
nanoparticles and calcium oxide. The properties and characteristics of these adsorbents were 
investigated using FTIR, VSM, TGA, XRD and SEM analyzes. Parameters affecting the 
adsorption process such as pH, adsorbent dosage, contact time and initial concentration of 
malachite green were optimized. Equilibrium and kinetic study of adsorption process was 
performed using common models. The results showed optimal conditions for adsorption of 
malachite green using the adsorbent are: initial concentration equal to 10 mg/l, pH=7, contact 
time equal to 20 minutes, adsorbent dose for AC, AC/Fe3O4 and AC/Fe3O4/CaO equal to 3, 3 
and 2 g/l, respectively. The Freundlich model also has a higher ability to describe process 
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equilibrium behavior and the pseudo-second-order kinetics model has a good ability to express 
reaction kinetics. The Langmuir adsorption capacity of malachite green by the AC, AC/Fe3O4

and AC/Fe3O4/CaO was determined to be 50.9 mg/g, 85.7 mg/g and 107.4 mg/g respectively. 
The desorption and reuse ability of AC/Fe3O4/CaO was investigated up to 8 steps, which 
showed that the adsorbent has the ability to be reused several times in the adsorption process. 
The results showed that modification of activated carbon with magnetic Fe3O4 nanoparticles and 
calcium oxide increases its adsorption efficiency and makes it a suitable adsorbent for 
commercialization. 

Keywords: Activated Carbon, Fe3O4, Calcium Oxide, Adsorption, Malachite Green. 
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���" +����� �� �� 1������/��7��E / ���.�"��M� k|�� 

g/L ����
 �" ,�@�� 
� �E.���� ��� 
�� � �� 
>�B" �� X�����
���� �� 
M�W���

�� ��(�P� �� ;=��� �" +��H*��" �� x��(@�

7� ���� �N
 � 	"�> �/ �� +�� ���� :�J." ;���� :���/" �" k�# .

.��. �+�� �!� ����
) ����
 ���> � ��� ��*@�> �� �" (��� '	��� ���>

 ���.� +���.���W�� �"���M� � ���� ������"�
 �� =-��� �����5�� "�
,����@�� �*��*>��*&|����" +�8*����� ����� ������ ������ UV-vis  

)Varian, Cary 100(���� ,��P 
 �)�� �� nm��� .��� 1����/
 1���/ �" k#pH x��/ ;��� � .�� ���*�"��# �	�� �Q" ����� �
 �C�

��/��� 
M�W����
 ��� ��/��/g/L ���.� 
����" ��E@$ �"�
���5�� =-�����/mg/L ��� �"��M� ��pH ������ 
� �C� ��� .

�.� �E@$ 1���/ �" k# ���5�� "� ,�@�� �� +�.���W�� =-� ����
 �����.� �N
 ��>�~ � �N
 �D�� ���5�� "� 
� =-� ��� �"�"


��� ����� ,���@�� �" Y��)% �����
 :���� �" v���/�/X5������ \�o
-������ 


)�(100
C
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e
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−

=

)�(V
W
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e ×

−
=

;� �� 
c 
Ci�Ce
� ��.� +�.���W�� �E@$ � 
���" �E@$ v�/�/ 5�� "� ���� 

��� ,�@�� �� =-� v(O��mg/L�WY�)% ����
 :��� �"��M�
 +�� +��H*�" v(O��g�V+��� +��H*��" ,�@�� 7JO v�(O��L�
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R�.� �N
 ��&@�T ���5�� �.��/�! "� � =-�qe�N�
 ��>�~

� +�� +��H*�" Y)% ���
 :�� �� �"�" v(O��mg/g .��" 

�2�2�%�� 
��I:�� � C8i$�� 	T��U� 
�����N
"� 
����� �"� �"�M� g/L����
 �" AC/ Fe3O4/ CaO ���

mL��� �����O ,���@�����.� �����5�� "� =-��� ����Q ���E@$ ���� �
mg/L�� ���8)	���� F	"�� �� �� .�� pH 
����" 
� �C������ �"���

�.� �N
 ���5�� �.��/�! "� �� ��"�� =-���
�
�� � x���(@�
��/ ;���x
 �C�7�.�� +�� 

�" k# �N
 <	���� :�J." ���� ����
 ��� ��> �" �E.����
���� ������"�
 ���/ ���� +�"� ���)*(� +���� �����M/ �� ���� ����.� "�
=-� ���5�� 
�/ .� f��� ��� �" +��� 1��). ��C k|�� .���� "��


�����
 ������ �N��
 ��� 	"�> �" ����� ;���mL�� ,���@�� �����"
 n	��	�@c �E@$ ���/��5��
*?	� 
� �X����T��� 7�� +��

�� ��*@�> ,�@�� ���!N� ;��� :��/" �" k# . �� ��E@$ � ���.� "�
=-� ���5�� ,�@�� ;��� ���" +��H*��" ��� �*��*>�*&|��" +�8*���

+�"�." ������.�/ ��N
"� <	������	��."�/ � ��� :��J." 
�@O��
���
 ��J� +��H*�" � ��N
"� ����� +�� �!���.��N�
"� �D��

�.� ���5�� "� =-� �" +��H*�" �� 
������1���/��.(Esvandi et 

al., 2019) .

)�(100
 شده جذبرنگ مقدار
 شده واجذبرنگ مقدار

% واجذب ×







=

�2<2�i$ %+.�"� C���TJ � C5):+)� 	T��U� 
�� <��d# 1	" ��.� �N�
 �� 	"�> �&�* ��� ��*>� ����� �"�� "�

l?�)� 
� �C� F	"��� �� ����� �N�
 <	����� �=-� ���5��
 ��	��|��! ������ �N�
 <	����� :��J." �" k# .�� :�J." �+��

AC/Fe3O4/CaO ��E@$ �"��M� �	�C. �� � �� "�
 ��� ,�@�� �"
.���*��*>��*&|��" +�8*�� �" +��H*�" �� ��� ,�@�� �� +�.���W�� "�

+�"�." ,�� .�� ���� 
-�� �&�* �� ��� 
-�� � ,�" 
�
�� :�� 
�
��
 ��.� ���� �N
 � 	"�> �&�* �� ��*>� ����� �"�� ����5�� "�

 
�� 1�� ]�� .�� +��H*�" =-� �N�
 �� 	"�> ������/ 
������ ���E �
��� �N
 <	���� ����� :��J." 
 �C� ���8)	���� F	"�� �� �

,�� �" +��H*�" �� ���� �N
 � 	"�> �����/ ��*>� .�� 7� ��� ����
 ����� y���.��> � ���8.5.�� 

�2=2�g�$ L�)j#*O 	T��U� 
��d	� � �"�% ����� �"�� ;� �" ��H@*?� ����=���.� ����
 ���

 N%"�+���� 1����/ �"�� .�7���� � �@���T ���� 1��� < �! ��� ��C.�
,�&��� ��.� ���� =����.� �=-�� ����5�� "�FTIR\�" +��H*��" ���

) +�8*����Broker victor 22 /,����> 1����! ��*%���� .���� :���J." (
Fe3O4/,����> 1����! �Fe3O4=�����.� ���� 7���(@! ����(!" / XRD 

(Philips PW 1730)  ���	��"���(�P� �� �"�% ����� �"�� .
�	��|��! ��� /,��> 1��!Fe3O4/,���> 1��! �Fe3O4�(!" / ��

(@!k�P� �� K�� �" 7� ����/�" 
.��. s �o�� +��H*�" 1� ]�� .
 ��/�"�O ��"�	�# =���.�q����
 ��*%��� ������ �"��� ���� 1���!

 /,��>Fe3O4/,��> 1��! �Fe3O4.�� +��H*�" 7�(@! ��(!" / 

�2678 � 9.�:; 
�2�2CBH.� � k�#O �g�$ A�! �!

=�����.�FTIR +����� 1�����/ � ������� �"���� �� ����
�� �@����T �����
 ����
 
� �� ��*%��AC �AC/Fe3O4�AC/Fe3O4/CaO � [�-W

 +��H*�" �N
 �" ������� ;� �" [�D�O s	�*. �[&��\La;��).
;��� .��" +�� +�"� �� +���)� 
! ��P ,���> 1��! ��*%�� �� ���

/Y����# ������% 
*���(� �" +����� ������� �O"����. �� ��N���
 ������ 
cm-1 ���� ���� +�����)� ������.��# �" �����. 
��! �����O-H �"��

 Y��# 1�� ]�� .��" ;� ��*%�� �� ��
�� �� ���8	� ��N�
 ����
 �O"�.cm-1���� �cm-1���� +���)������ 
� 
! ����. v�/�/

 ������.��# �"C=C � Y���/�����C=O ������" +�����)COOH (
�� *��(� ,����> 1����! ��*%���� �� ����
�)Pavia et al., 2008(.

� 
��O�. �� =�. �	�� ��N
 Y�# Y	 +�ATcm-1��� ���"� ���
�

;�). Y�# 1	" �.��# +� ��C=O 1���! ��*%��� �� ���
�� �)�%
 ���% 
*(� �" [D�O ,��>��" )Pavia et al., 2008(.
�	��|��! ��*%�� ��AC/Fe3O4Y�# �� ���
�� ��N�
 ����

�H�� �!�." �� ,��> 1��! ��*%�� �� +���)� Y�	 1�� ]�� .�.��
 
�O�. �� �	�� ��N
 Y�#m-1��� �" ����. 
�! ���" +��� ����~

 
1 Fourier Transform Infrared Spectroscopy (FTIR) 2 Vibrating Sample Magnetometer (VSM) 3 Thermal Gravimetric Analysis (TGA) 
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X����/�"Fe-O �� ��	0/ � +��� X"���.��. �� !Fe3O4��*%��� ��
�	��|��! �.�"� ��
� �E.����)Shafiee et al., 2019(.

��*%���� �� 7���(@! ����(!" �������"�W �" k��#AC/Fe3O4�
�	��|��! [�&)/AC/Fe3O4/CaO Y��# ��� +�A�T ���N�
 ����
 ��*%�� �� ��
��AC/Fe3O4��
� ;� a�P �� �H�� �!�." �� 
!

Y�# ��.�"� ;� ��*%��� �� 7��(@! ���(!" ���6O �" ���. =�. �	��
 +�����)����� �.����Y���# 
��@�
 �" . �O"���. �� �����cm-1���� �

cm-1���� +����� �" �����. 
��! �.���� �����~ [���(!����� ����� 
)Ca-OH�� ��
�� ( 7�(@! ��(!" ��*%�� � *(�.(Albuquerque 

et al., 2009) . 
Y���# 1��� ]�� �O"���. �� ����	�
cm-1���� �����~���� 
��!

�� �����.�� �" ����. �."�/C-O 7��(@! ���(!" ��*%��� �� ���
��
 ����)Raizada et al., 2017(.

� ��	��|��! ��*%�� �� +�ATAC/Fe3O4/CaO ��N�
 Y��#

 �O"�. �� ��8	�m-1��� �m-1���� �" ����. 
! +�� ���~C-H 
���	��|��! 1��	" ��*%���� �� ����
�� ���)�% Y���/���������" 

)Pavia et al., 2008(.
���.� ;���� �N��
 1��	" �" :"���! ���� F����/ =-��� �����5�� "�

���
 �C.� �� �/"����/ v-� ���Y�# � �a�@*?� �O"��. ���� ���
�.�� ���~ ����/ � �H�� �!�." ;�). ��" 1	" 
! ;��� �N
 +� ��

�.� ���
 1	" f�� ��� =-� ���5�� "� ��.��" 
X"���.��. ��(�P� �� �"��% 1����/ � ������ �"��Fe3O4�

�	��|��! =����.� �" �E.����� ��(�P� �� ���� VSM ��� +��H*��"
)[&�\Lb��� ;��). s	��*. .( ����.����� 
�! ����\����.�"�"� �o


.��. £"��-� �" V�M�W� � +��� ;��M*� VA��! ���"���. "�	� ��" �HD ��
+��! ��-T X�I*?� s	�*. 1	" .�."!�O����" ;� �" � ������@# 
�!

 1	"����� � � *��(� k�P� ��"��#�#���� ������� ������ ���	��|��!
�@��W � �(�P� �� ����"�
 ;��&�" �C.� ��J� +��H*�" ����" �	N�# 

(Sun et al., 2018, Fan et al., 2015).
X"���.����. 
���! �"� ;����). s	����*. 1���	" ����� +�A���TFe3O4

)emu/g ��/������	��|��! ����� 
���(	�M� �� ( ������AC/Fe3O4

)emu/g ��/��� (AC/Fe3O4/CaO )emu/g ��/���"������M� (
 ��*)�� �(�P� �� e�-�"��"� � �� <���! . k�P�� �� e�-��" �"��M

 
1 Remanence 
2 Coercivity 

���	��|��! ����� ��!N���� ������ ����H@*?� [����"�T �" ������. ����."�/
<��#� .�� �5��� ���Fe3O41���!) ��(�P� ����$ k	�/��� ���

��(!" � ,��> ����� (7��(@! .(Zhao et al., 2014, Foroutan et 

al., 2018).
������"���. 
��� 
��
�/ ���� 1��� ]��Se�-���" �"���M� � [&���

�� �(�P� �� "�/
.��. 
! �>�� 
J�*. ;��(�P� ��"��# ��D�% ��
�.�"� 
�� �
���% ��(�P� �� ;"���� Y�	 �" +��H*��" �� ��" ��*O"�

,�@�� "�
 ��� �����.�.�� 
�� [&����\Lc�TGA ����	��|��! �"����� ������AC/Fe3O4�

AC/Fe3O4/CaO D�O s	�*. .��" +�� +�"� ;�).�� ;�). [�� ��
 �	����� +������� �� 
��!�����/��� 
��.��. ;�� x����(@� 
��
��

���	��|��! �����AC/Fe3O4�AC/Fe3O4/CaO �=�m���. <����!

� ���O �� v�/�/��D�� ���D�� �� 
! 
*�"� ;� ;"�/ ����. "�

,�&��� ���% �" ��	��|��! 1�	" ��*%��� �" �� ���� .��(."� ���
 �	��� +����� �� k|���� ��/��� 1�	" �"��� x���(@� 
�
��

�	��|��! +����)� ;�� <��! 
@O�� 1���� �� ��� ���� v��� 
�!
 ,�" 
�@O�� 
�� �-(. ��/� /��"� 
�@O�� �� +�"� �� ;�� <���! .

�	��|��! �"�� :�� ���AC/Fe3O4�AC/Fe3O4/CaO 
�v��/�/
 ���O �����D�� ����D�� ��" �" ����. 
�! ��/�"�O 
�	=J/

+������ ������ ����	��|��! ��*%����� �� �����
�� �@�����T ����������" 
)Ibrahim et al., 2016(������ �� � 
�"�" �� .<�� �"uhh 

��

�	��|��! x��(@� ���AC/Fe3O4�AC/Fe3O4/CaO 
�v�/�/
 V�-	�M/ ;�� <��! �"�"����D�� ����D�� �" ����. 
�! ��.���

�	��|��! 1	" ��*%�� v	�?/ ����� 1	" �� ��.��" 
=�����.� k��{	" 
����" K"���#q��*%���� ������� �"����CaO �
AC/Fe3O4�AC/Fe3O4/CaO +������ �� ���/��:���J." 
�
��

 �� ;� �" [D�O s	�*. � �� [&�\Ld;���� .���" +�� +�"� ;�). 
�� +���)� 
! ��P Y�# ���� X�� �� �	�� ��*%��� �� a@*?� ���

;�). 
! +�� ���~ �	��|��! �� �� �. � ���*(	�! �����> +� �� 
��
�	��|��! ��*%�� �� ���*(	�! ��!N�� ���� ���" ��� �;� x���"

�� 
� �C.� ��*%�� 
! �>�� 
J�*. ;"�/ �� .���" ���*�(	�! X���D
 ���8�"XRD 
��� ������� AC/Fe3O4K"���# 
�	�"� ��2θ���� ����"��

qh/oh�th/jq
����
Y�# ���)� �	��� +�����!�� 
�
�/�/�v

3 X- Ray Diffraction (XRD) 
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Fig. 1. Results of analysis a) FTIR, b) VSM, c) TGA, d) XRD 
 45��2���=���.� s	�*.a(FTIR �b(VSM �c(TGA �d(XRD 

�� ;�). �."�/ ������> +� �) ���*(	�!hho) � (hh\� (
�� �����
 �� 
! ���� ,��> 1��! �� ��
�� ��>"�� ��*%��<��d# ��� �	��

;"�8)��d# ���" +��� ���	0/ =��..(Yao et al., 2016, Wang et 

al., 2016, Saleh et al., 2015) . 
Y�# ��*%�� 1	" �� 1� ]�� +������ �� ��8	� ���2θ�� ���"

 ����˚��/��)��� �(˚��/��)��� � (˚��/��)��� +�����)� (
�� ��� �� 
! 
� � ."�/ � ���� ��*%��� 1	" �� ,��> 1��! ��
� �@T 

(Yao et al., 2016, Bagheri et al., 2017).

� �	��|��! ��*%�� �� +�AT �(�P� ��AC/Fe3O4Y�# ���

 +������� �� ����8	�2θ���� ����"��◦jh/qh�˚��/���◦ph/jq�
◦rp/pq�◦jp/p��◦op/tq
� 
! �.�"� ��
� ������> 
�� v�/�/

���*��������(	�! )ooh�()����()jhh) �(joo) �(p\\) � (jjh (

�(�P� �� X"���.�. �� ��
��Fe3O4�� +�"� �-(. �!��O � �.��
 X"���.�. 
! ��" ;� �"Fe3O4e��. �" ,���> 1���! �� +�� [�&)/
 x��&�� �-�&� [ |�" � *�(� .(Asfaram et al., 2017, Zhu et 

al., 2011) . 
a�P s	�*. �J �XRD �"��CaO Y�# +������ �� �	���2θ

�������� ��������"��◦rr/\��◦rj/qq�◦or/qj�◦rj/qr�◦qt/pj
Y�# 1	" 
! �� +���)� �	�� �� ��<��d# �����(!" ��*%�� �� =�.

 ��" +�� +���)� 7�(@!.(Albuquerque et al., 2009) .
a��P s	��*. �J ���XRD ���	��|��! �"���AC/Fe3O4/CaO 

�� +�AT1*�"� Y��# �"��� +��� S��� l%��� ����AC/Fe3O4�
Y���# �"�"� +������� �� �	����2θ���� ����"��◦�p/\u�◦rh/qq�

◦�h/qr�◦up/pj;�). 
! ��" 7��(@! ���(!" ������"�W +� ��

a) b) 

c) d) 
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� �����*%� !�|���� �	�����!N��" 	��7�(@! ��(!" ��*%�� �� "� 
+���)� +�� �� 1	" �� +�AT .�." �" +��H*�"
����� 
������) ��� ����

j:��. F��� � (�"=�>"HighScore Plus ,�*�(	�! +�"��." �"��� ���
CaO �AC/Fe3O4�AC/Fe3O4/CaO 
��� ���� ����"�� v���/�/�/���

�� ��/���� 
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Fig. 2. SEM image a) for AC/Fe3O4/CaO, b) AC, c) Fe3O4, d) AC/Fe3O4/CaO and dye 
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Fig. 3. Effect of initial pH on the adsorption percentage 
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Fig. 4. Effects of a) adsorbent dosage, b) contact time the adsorption % by AC, AC/Fe3O4, AC/Fe3O4/CaO 
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Fig. 5. Effect of initial concentration on adsorption by 
AC, AC/Fe3O4, AC/Fe3O4/CaO 
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RL
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n
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Fig. 6. Graphs of isotherms for a) AC, b) AC/Fe3O4, c) AC/Fe3O4/CaO 
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Table 2. Comparison of adsorption capacity, adsorbents used to adsorb malachite green dye 

Ref.Adsorption capacity (mg/g)Condition of experimentAdsorbent

(Önal et al., 2007) 

149 Concentration (100 to 400 mg/L) 
298 ◦K

Activated carbon 200Concentration (100 to 400 mg/L) 
313 ◦K

200Concentration (100 to 400 mg/L) 
323 ◦K

(Chowdhury et al., 2011)

12.16 Concentration (10 to 100 mg/L) 
298 ◦K

Rice husk treated 
with NaOH 

15.49Concentration (10 to 100 mg/L) 
303 ◦K

17.76Concentration (10 to 100 mg/L) 
308 ◦K

17.98Concentration (10 to 100 mg/L) 
313 ◦K

(Qu et al., 2019) 

83.06Concentration (1 to 65 mg/L) 
25 ◦C

Coconut- 
Activated carbon

74.91Concentration (1 to 65 mg/L) 
25 ◦C

Coal- Activated 
carbon

69.59 Concentration (1 to 65 mg/L) 
25 ◦C

Apricot- 
Activated carbon

69.93Concentration (1 to 65 mg/L) 
25 ◦C

Peach- Activated 
carbon

(Naseeruteen et al., 2018) 

8.07Concentration (5 to 20 mg/L) 
25 ◦C

Chitosan beads 
with1-butyl-3-

methylimidazoliu
m acetate

0.24Concentration (5 to 20 mg/L) 
25 ◦C

Chitosan beads 
with1-butyl-3-

methylimidazoliu
m chloride

This study 

50.9 Concentration (10 to 100 mg/L) 
25 ◦C

AC 

85.7 Concentration (10 to 100 mg/L) 
25 ◦C

AC/Fe3O4

107.4 Concentration (10 to 100 mg/L) 
25 ◦C

AC/Fe3O4/CaO 

�����
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Table 3. Kinetic models and parameters 

Kinetic model Parameters AC AC/ Fe3O4 AC/ Fe3O4/CaO 

Pseudo-first- 
order 

)e1(qq tk
et

1−−=

qe. Cal(mg/g) 3.121 3.181 4.883 

k1(1/min) 0.355 0.650 0.742 

R2 0.549 0.449 0.678 

RMSE 0.138 0.044 0.027 

Pseudo-second-order 

tqk1
tqkq
e2

2
e2

t +
=

qe. Cal(mg/g) 3.19 3.216 4.91 

k2(g/mg.min) 0.311 1.06 1.311 
R2 0.835 0.883 0.954 

RMSE 0.084 0.020 0.010
2
e2qkh = h(mg/g.min) 3.165 10.963 31.606 

qe.exp(mg/g) 3.192 3.219 4.900

Fig. 7. Graphs of kinetic for a) AC, b) AC/Fe3O4, c) AC/Fe3O4/CaO 
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Fig. 8. Adsorption and desorption graphs 
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